Visceral leishmaniosis (VL) due to Leishmania infantum (L. chagasi) is a lethal disease if untreated, but asymptomatic L. infantum infections have been reported previously. A better understanding of parasite transmission, dissemination, and survival in the human host is needed. The purpose of this study was to assess whether L. infantum circulated in peripheral blood of subjects with no history of VL. Sera from 565 blood donors were screened by Western blotting to detect Leishmania-specific antibodies and identify individuals with probable past exposure to Leishmania. Seropositivity was found in 76 donors whose buffy coats were examined by PCR and direct culture. The parasite minicircle kinetoplast DNA was amplified from blood samples of nine donors. Promastigotes were detected by culture in blood samples from nine donors. Only two donors were PCR and culture positive. These results indicate that L. infantum circulates intermittently and at low density in the blood of healthy seropositive individuals, who thus appear to be asymptomatic carriers. Implications for the safety of blood transfusion are discussed.
The visceral form of leishmaniosis (VL) affects approximately half a million new patients each year. Due to systemic parasite dissemination, the disease is fatal if untreated (27) . The main areas of concern are Sudan, Eastern India, Bangladesh, and Nepal (Leishmania donovani) and Brazil and the area around the Mediterranean (Leishmania infantum) (34) . Those infected with the viscerotropic Leishmania species may, however, remain asymptomatic (3, 27) . The documentation of individuals who have no history of VL but whose leishmanin skin tests (LST) are positive-specific evidence of delayed antileishmanial hypersensitivity-is not new (3, 21, 26) . The mechanisms implicated in susceptibility in humans are not fully elucidated, although much has been learned about leishmaniosis in a murine model (29) . Immunosuppression, such as in AIDS patients, is one of the factors responsible for increased vulnerability to a primary Leishmania infection or to reactivation of a latent infection (14; for a review, see reference 1). Coinfection with human immunodeficiency virus (HIV) and L. infantum is becoming increasingly frequent; to date, 1,400 VL-AIDS cases have been reported in southern Europe (34) .
The documentation of occult Leishmania in healthy subjects is important so that researchers can obtain more knowledge about parasite reservoir and transmission and a better understanding of the pathways of parasite dissemination and its capacity for surviving in the host. Parasite circulation in peripheral blood has been reported in asymptomatic Leishmania donovani and Leishmania tropica infections (6, 9, 31) and in cured and inapparent Leishmania braziliensis infection (10, 11, 19) , but except for our preliminary report (15) , no documentation of parasitemia in healthy L. infantum-seropositive individuals exists.
We showed previously (21) that the positivity of the LST correlated with the presence of specific antileishmanial antibodies evidenced by Western blotting as typical 14-and/or 18-kDa bands. More recently, the detection of these antibodies before VL diagnosis proved effective in distinguishing cases of VL following primary Leishmania infection from cases originating from the reactivation of a latent infection in HIVpositive patients (14) . In this study, the 14-and/or 18-kDa bands revealed by Western blotting with sera of blood donors were used to identify individuals who were probably exposed to Leishmania. Our aim was to assess whether L. infantum parasitemia occurred in asymptomatic Leishmania-seropositive subjects with no history of VL.
From the standpoint of public health, demonstration of the parasite circulation in the blood must be followed by documentation of its transmission by blood transfusion, which has not yet been provided. Decisions regarding the implementation of the Leishmania screening test and the safety of blood transfusions are discussed in this context.
MATERIALS AND METHODS
Subjects and experimental protocol. Blood obtained from the Monaco Blood Bank was from donors living in neighboring areas where L. infantum is endemic (20) and having no history of VL. Blood from 565 donations was screened over a period of 12 months (April 1996 to March 1997). On the day of donation, sera were analyzed by Western blotting, and the buffy coats corresponding to the sera which revealed the typical 14-and/or 18-kDa leishmanial bands (21, 33) were further examined. Three aliquots (3 ml each) of the 1-day-old (stored at 4°C) buffy coats were stored at Ϫ20°C in EDTA containing vacutainer tubes (Becton Dickinson, Meylan, France) until DNA extraction and amplification by PCR. The buffy coats or peripheral blood mononuclear cells (PBMC) were seeded for culture.
Control sera. Presumably negative control sera were obtained from 141 individuals living in areas free of L. infantum; these individuals were blood donors (n ϭ 50, Bourg-en-Bresse, France) or women who were seronegative for toxoplasmosis during their pregnancies (Parasitology Laboratories, University Hos-pitals of Reims [n ϭ 50] and Angers [n ϭ 41], France). The sera of patients cured of VL were used as positive controls.
Guidelines for human research. Informed, written consent from all participants and the approval of the local ethics committees at our institutions were obtained for this study.
Western blot analysis. The antigen preparations were electrophoresed on sodium dodecyl sulfate-14% polyacrylamide gel and transferred and immunodetected with human sera as described previously (33) .
Isolation of parasites by culture. Three to six milliliters of buffy coats from Leishmania-seropositive subjects was cultured in 25 ml of RPMI 1640 complete medium (RPMI 1640 medium supplemented with 2 mM L-glutamine, penicillin [100 U/ml], streptomycin [100 g/ml], and 10% heat-inactivated fetal calf serum). Alternatively, PBMC were isolated by centrifugation of buffy coats (diluted 1:1 in 0.9% NaCl) over lymphocyte separation medium (Eurobio, Les Ulis, France). The interface cells were washed, and 5 ϫ 10 6 to 15 ϫ 10 6 PBMC were seeded at 1 ϫ 10 6 to 3 ϫ 10 6 cells per ml in RPMI 1640 complete medium or in Schneider's medium as described in reference 17. All cultures were maintained at 25°C for 6 months (or until positive) and were inspected by inverted contrast phase microscopy twice per month. The medium was changed twice per month for 2 months and then once per month. We verified that after approximately 1 month most human cells were taking up trypan blue.
DNA preparation. Buffy coats obtained from Leishmania-seropositive donors were stored at Ϫ20°C until the end of the serological screening. Total DNA was then extracted from cells contained in 3-ml aliquots, corresponding roughly to 30 ml of whole blood. DNA extracts were prepared from the buffy coats by following the procedure described in reference 4, except that the volume of lysis and its duration were increased. Briefly, after five washes in saline (10 min, 2,500 ϫ g), the pellet corresponding to 3 ml of a buffy coat was incubated with 3.6 ml of lysis buffer (8 M guanidine thiocyanate in 0.1 M Tris-HCl [pH 6.4], 36 mM EDTA, 2% Triton X-100) for 48 h at room temperature, with constant mixing. The homogenized lysate was centrifuged (10 min, 2,500 ϫ g), and 2.7 ml of the supernatant was incubated with 120 l of Kieselguhr DG (Riedel-deHaën, Seelze, Germany, sold through Sigma-Aldrich) suspension (20% [wt/vol] in water, 3.6% HCl) for 10 min at room temperature, with intermittent vortexing. The mixture was centrifuged (3 min, 2,500 ϫ g), the supernatant was discarded, and the pellet was washed twice with 3 ml of washing buffer (8 M guanidine thiocyanate in 0.1 M Tris-HCl [pH 6.4]) and three times with 3 ml of 70% ethanol and finally suspended in 1 ml of acetone. After centrifugation (10 min, 10,000 ϫ g), the supernatant was discarded, and the pellet was dried (15 min at 56°C) and then incubated for 10 min at 56°C in 180 l of water. After additional centrifugation (5 min, 10,000 ϫ g) 100 l of DNA solution was obtained and used immediately or stored at Ϫ20°C. . Two distinct parasite target sequences, LT1 (145 bp) and LT2 (120 bp), were chosen for amplification in the conserved region of kinetoplast DNA (kDNA) minicircles. The LT1 fragment of kDNA was amplified with the primers adapted from reference 28 as follows: RV1 (sense), 5Ј-CTTTTCTGGTCCCGC GGGTAGG-3Ј, and RV2 (antisense), 5Ј-CCACCTGGCCTATTTTACACCA-3Ј. After an initial denaturation (2 min at 94°C), 45 cycles (denaturation, 1 min at 94°C; annealing, 1.5 min at 62°C; polymerization, 30 s at 70°C) were carried out, and PCR was terminated by a final extension at 70°C for 10 min. To double-check the results, a second pair of primers (13A [sense] 5Ј-GTGGGGG AGGGGCGTTCT-3Ј and 13B [antisense] 5Ј-ATTTTACACCAACCCCCAGT T-3Ј) leading to the target sequence LT2 (30) was used on all DNA samples under the same amplification conditions except for the annealing, which was carried out at 50°C. The positive internal controls (PIC1 and PIC2 for the target sequences LT1 and LT2, respectively) were constructed with M13mp18 phage DNA as described in reference 5. Briefly, for each target sequence, an M13mp18 fragment with Leishmania sequences at the ends was generated in a first PCR with composite Leishmania/phage primers (RV1ph1, 5Ј-CTTTTCTGGTCCCG CGGGTAGGCGGTTTGCGTATTGGG-3Ј, and RV2ph2, 5Ј-CCACCTGGCC TATTTTACACCACAGGATTTTCGCCTG-3Ј, or 13Aph1, 5Ј-GTGGGGGAG GGGCGTTCTCGGTTTGCGTATTGGG-3Ј, and 13Bph2, 5Ј-ATTTTACACC AACCCCCAGTTCAGGATTTTCGCCTG-3Ј) and then amplified with the corresponding pair of Leishmania primers (RV1 and RV2 or 13A and 13B, respectively) leading to the PIC1 of 183 bp and the PIC2 of 178 bp. This internal control DNA was added to each amplification reaction mixture, preventing false-negative results which could be induced by excessive loads of cellular material (28) . The amount of the PIC DNA was chosen in order to minimize competition with the parasite DNA. Two negative controls (DNA extracted from a buffy coat obtained from a Leishmania-seronegative individual and an aliquot of distilled water) were included in each PCR run to detect contamination which could lead to false-positive results. The amplification products were visualized after electrophoresis on a 3% agarose gel containing ethidium bromide.
RESULTS
Serological screening. The bands at 14 and/or 18 kDa, indicative of a previous asymptomatic infection with L. infantum (14, 21, 33) , were revealed by the sera from 76 donors (13.4%) to Monaco Blood Bank. Antibodies detecting both bands were found in 25 serum samples, and antibodies detecting one band at 14 or 18 kDa were found in 20 or 31 serum samples, respectively. Figure 1 (Fig. 2) or by direct culture, as described in Materials and Methods. Blood samples drawn during the Leishmania-transmitting sandflies' active period (May to October) are indicated.
shown). However, in five cases, previous travel to regions of endemicity (southern France, Portugal, Algeria, or Morocco) was evident on the basis of a retrospective interview. These findings further validate previous observations (21, 22) about the usefulness of detecting antibodies directed against the 14-and/or 18-kDa leishmanial fractions to assess past contact with the parasite and confirm the important (13%) prevalence of asymptomatic L. infantum infection of humans in southern France (14, 20) .
Amplification of parasite kDNA in buffy coats of Leishmania-seropositive blood donors. Buffy coats from 73 Leishmaniaseropositive donors were analyzed, since buffy coats from 3 Leishmania-seropositive donors found to be hepatitis C virus seropositive were discarded from the study. Under the experimental conditions described in Materials and Methods, the Leishmania kDNA was detected in the buffy coats of nine Leishmania-seropositive blood donors with primers RV1 and RV2. Primers 13A and 13B were found to be less efficient and amplified parasite kDNA in seven of these nine positive samples. Figure 2 shows examples of amplifications with primers RV1 and RV2 ( Fig. 2A and B) and primers 13A and 13B (Fig.  2C) for four PCR-positive and three PCR-negative donors. The blood of five PCR-positive donors was drawn during the period when Leishmania-transmitting sandflies (May to October) are active, while the remaining PCR-positive samples were obtained from blood donated outside this period (Fig. 1) .
Detection of parasites by culture. L. infantum promastigotes were detected in cultures of blood cells from 9 donors. These cultures were not carried out under standardized conditions (see Materials and Methods). Six positive samples were obtained from cultures of 6 ml of buffy coats (corresponding to approximately 60 ml of blood), and the remaining three positive samples were PBMC cultures (corresponding to approximately 10 ml of blood). In all cases a long incubation period (1 to 6 months) was necessary to detect parasites. All isolated strains were typed as Zymodeme MON-1. For one donor the culture was positive in two independent blood donations (a culture of the buffy coat in April and a culture of PBMC in October). For this donor the Leishmania kDNA was also detected by PCR. Evidence of the parasitemia in two PCR-positive donors was also provided by culture. The remaining PCRpositive samples were culture negative (Fig. 1) .
Retroactive study of files and sera of VL patients. We examined the files of 50 VL patients, infected with HIV (32 patients) or not infected with HIV (18 patients), and found that 6 of the former and 2 of the latter had had a blood transfusion. Sera from 10 persons who donated blood to two patients that received transfusions (six donors for one patient and four donors for the second patient) were recovered and analyzed by Western blotting; two persons who donated blood to the same (HIV positive) VL patient were found to be Leishmania seropositive. Analyses of sera drawn previously from the recipient showed that this patient was Leishmania seropositive before the transfusion.
DISCUSSION
In this study we screened blood from the Monaco Blood Bank obtained from 565 donors living in an area where L. infantum is endemic. The Leishmania-specific antibodies were revealed by Western blotting in the sera of 76 donors which showed the characteristic 14-and/or 18-kDa bands. The presence of the parasite was evident in the blood of 16 Leishmaniaseropositive donors either by parasite kDNA amplification or by direct culture.
The knowledge that some individuals with no history of VL due to L. infantum present a positive LST (showing past exposure to the parasite) is not new (3, 21, 26) . We showed previously (21) that the positivity of LST was in biological concordance (80%) with the presence of antibodies directed against 14-and/or 18-kDa fractions of L. infantum. In this study, six control serum samples of persons living in regions free of leishmaniosis (of 141 samples tested) also detected the typical 14-and/or 18-kDa bands, but five of these six samples should be disregarded, since previous travel to regions where Leishmania is endemic was mentioned by donors in interviews. Although false-positive and false-negative results cannot be excluded when one serological test is used, and since the aim of the study was qualitative, rather than quantitative, we selected the buffy coats of Leishmania-seropositive donors to search for the parasite.
Parasite kDNA was amplified in blood samples from nine donors. The live L. infantum promastigotes were detected by culture in blood samples from nine donors. Only two donors were PCR positive and culture positive. A second blood donation from the culture-positive donors was obtained several months after the first; only one of these samples was culture positive, and all nine samples were PCR negative. These results indicate that the density of Leishmania in the peripheral blood is low and that parasitemia is probably episodic. Why PCR, which is a powerful technique, gives a negative result for a blood sample from a culture-positive donor is puzzling. However, amplification was performed on DNA extracted from approximately 30 ml of blood, so even if minicircle kDNA amplification may, theoretically, detect 1 parasite in 1 million cells (28) , our findings indicate that not every 30 ml of blood carried an amastigote kDNA target sequence. The direct culture was performed on the equivalent of 10 to 60 ml of blood, a poor way to amplify Leishmania, and we were unable to determine the optimal culture conditions. In all cases the detection of parasites was made possible by the maintenance of the cultures for unusually long periods. Several nonexclusive   FIG. 2 . PCR amplifications with primers RV1 and RV2 (A and B) and 13A and 13B (C). Lanes 6, 7, 8, and 10 correspond to donors mentioned in the legend for Fig. 1 , and lane SpD corresponds to a Leishmania-seropositive donor who was PCR and culture negative. Lanes W and T, two negative controls of PCR runs (distilled water and DNA from a Leishmania-seronegative donor); lanes M, DNA molecular size markers (pUCBM21 cleaved by HpaII and DraI plus HindIII). Upper arrows, PICs constructed with primers RV1 and RV2 (A and B) and 13A and 13B (C) as described in Materials and Methods; lower arrows, Leishmania-specific amplicons.
hypotheses may be proposed to explain this observation. For instance (i) the intracellular amastigotes might remain trapped until the death of their host cell (9), (ii) the liberated amastigotes might be rephagocytosed before transformation due to a high density of potential host cells, and/or (iii) the promastigotes might proliferate very slowly when the initial parasite load in the culture is low, due to a low concentration of the autocrine growth-regulating factor (16) . We did observe in some mixed cultures (PBMC plus promastigotes) the persistence for several weeks of a few detectable parasites, without apparent multiplication (data not shown). Taken together, our results imply that episodes of parasitemia of variable intensities might be the rule rather than the exception in healthy L. infantum carriers.
Evidence of L. infantum parasitemia found in subjects with no history of VL, in several cases before the annual emergence of a new generation of Leishmania-transmitting sandflies, raises questions concerning physiopathology, epidemiology, and public health. First, as in acute disease, the potential target organs of the persisting Leishmania might be the bone marrow, liver and spleen, but it is not known whether all three organs are colonized in an occult infection and might be a source of hematogenous dissemination and whether circulating amastigotes are always intracellular or might be free. Second, unlike L. donovani, which is anthroponotic, L. infantum is anthropozoonotic and has been thought to be transmitted to man via sandfly from an animal reservoir, mostly dogs, but our findings point to the possibility that the healthy human carriers are a reservoir. The recently demonstrated (24) contamination of sandflies fed the blood of Leishmania-HIV-coinfected patients indicates that a new natural anthroponotic cycle should be considered in the epidemiology of L. infantum-HIV coinfection (25) . Third, the parasitemia in asymptomatic subjects indicates that the parasite might be transmitted in blood by transfusions. The possibility that blood transfusion might pose a risk of Leishmania transmission was also suggested by the significant increase in the prevalence of anti-Leishmania antibodies in hemodialysis patients in Brazil who received multiple blood transfusions (18) . However, to date, the reports of transfusion-transmitted leishmaniosis have been mainly anecdotal, and in no case was the donor identified (2, 7, 8, 12, 23, 32) . In an attempt to document a case of transfusion-transmitted VL, we examined the files of 50 VL patients, but even if some donors' sera were recovered and analyzed, no conclusion could be drawn, since the recipient of blood from the two Leishmania-seropositive donors was Leishmania seropositive before the transfusion.
We are now studying individuals who received blood from Leishmania-seropositive donors, in an attempt to document parasite transmission. However, such a transmission of L. infantum, assuming we are able to document it, does not necessarily result in the transmission of the disease. In our region of high prevalence of Leishmania seropositivity and, thus, of a high density of potential asymptomatic donors, the seemingly transfusion-transmitted leishmaniosis (occurring within a few months after a transfusion) has not been documented. Systematic screening for and discarding of the blood of Leishmaniaseropositive donors would decrease the blood supply in our region by 10% without, at present, proof of the efficacy of this practice. To date, no large-scale test for screening blood donors is available, and Western blotting is costly and timeconsuming. We are presently trying to identify and clone Leishmania antigens which could be used for such screening by enzyme-linked immunosorbent assay. Informative comments regarding the implementation of donor screening tests have been provided by Kleinman et al. (12) .
We estimate that prior to any kind of preparation of packed erythrocytes, a blood unit contains 2 ϫ 10 9 to 3 ϫ 10 9 leukocytes. After the first step of preparation, i.e., the removal of the buffy coat after centrifugation, the blood unit contains roughly 5 ϫ 10 8 leukocytes. After the second step, i.e., deleukocytation by filtration, the unit contains fewer than 10 6 leukocytes. Therefore, assuming that parasite transmission is proportional to leukocyte concentration, a risk score of 1 assigned to an initial, undeleukocyted unit would decrease to 10 Ϫ4 Ϫ10 Ϫ3 after deleukocytation. At present, all blood products in Monaco (as of 1 April 1997) and France (as of 1 April 1998) are deleukocyted. Blood is not conserved prior to deleukocytation, preventing the possible release of intracellular agents by cell lysis during storage. Finally, it should be emphasized that screening blood for one pathogenic agent protects against this agent alone, while the deleukocytation of blood products eliminates several pathogens (e.g., cytomegalovirus, but also as-yetunidentified agents), prevents alloimmunization, and improves the well-being of the blood recipient.
In conclusion, we believe that considering present constraints of time, money, and knowledge, researchers should invest first in the preparation of blood products and then in donor testing to protect recipients of blood transfusions against L. infantum.
